Abstract While options for operative treatment
Introduction
Osteoarthritis (OA) of the medial compartment of the knee is associated with varus malalignment [4, 6] . In the operative treatment of gonarthrosis affecting solely the medial compartment, the most commonly used options, especially in younger patients, are high tibial osteotomy (HTO) and unicompartmental knee arthroplasty (UKA). Both procedures require resection of bone material; the latter also requires knee joint surgery [13] .
A less invasive alternative to these well-established procedures has been available in recent years: the UniSpacer™ implant (Zimmer, Inc., Warsaw, IN, USA), which is essentially a modern version of early metallic hemiarthroplasty as described by McKeever [17] or MacIntosh [16] . However, a rate of failure between 16 and 44% has been described in the literature [1, 23] .
Implantation of this self-centering, one-piece interpositional device into the knee joint does not require any resection of bone stock and is performed via minimally invasive surgery. It is available in several thicknesses and adapts to knee kinematics [21] . In contrast to the recently introduced ConforMIS iForma™ knee implant [15] , the UniSpacer™ is a self-centering device that is not fixed to any structures ("self-centering"); it is used to correct or minimise varus malalignment in unicompartmental osteo-arthritis of the knee where other procedures are not indicated (Fig. 1) . The upper surface of the implant postoperatively adapts to the femoral condyle [21] .
The UniSpacer™ is indicated in patients with isolated moderate degeneration of the medial compartment with minimal degeneration and no loss of joint space in the patellofemoral compartment. Absolute contraindications are inflammatory arthritis, severe instability due to advanced loss of osteochondral structure or the absence of collateral/ cruciate ligament integrity or flexion contracture greater than 15°.
The notion of a self-centering mobile component correcting the varus knee internally without any need for bone resection has been, and still is, appealing. The purpose of this paper is to evaluate clinical and radiological results, whether appropriate alignment change can be achieved by UniSpacer™ implantation and whether this change correlates with the thickness of the implant used. Also, alignment change in the first five years after surgery is examined.
Materials and methods
In a retrospective study, 18 patients (19 legs) presenting with moderate stage isolated medial gonarthrosis, who had received UniSpacer™ hemiarthroplasty between 2002 and 2004, were assessed (implant thickness: 2, 3 or 4 mm). One patient received bilateral implantation; 12 right and seven left knees had been treated. The average age of the patients (seven women and 11 men) at the time of surgery was 60.8 (48-72) years.
Anteroposterior long leg stance radiographs, taken preoperatively and three weeks, one and five years after surgery using a standardised technique [18] , were digitally analysed to assess alignment change. A standard protocol was followed by ensuring that hip, knee and metatarsal joints were included while the patient was standing upright and the patellae were frontally aligned.
The digitised radiographs were evaluated using mediCAD® (Hectec GmbH, Niederviehbach, Germany), a surgical planning software which can also be used for biometric purposes. The mechanical tibiofemoral angle (mTFA) (i.e. the angle of the mechanical axes of the femur and tibia) was measured. The anatomical tibiofemoral angle (aTFA) (i.e. the angle between the anatomical axes of the two bones) was also measured. Additionally, we determined the location of the mechanical axis of the leg, or load-bearing axis, with respect to the centre of the tibial plateau, as described by Kennedy and White [14] : zones 1 and 2 are on the medial side, zones 3 and 4 are on the lateral side of the tibial eminence while zone C constitutes the central part of the tibial plateau.
According to convention, varus angles were designated as negative while valgus angles were designated as positive [4] . To assess the alignment change achieved by surgery, the difference between pre-and postoperative values of each angle was determined by subtraction. This was done using the respective postoperative values, to evaluate change in the first postoperative year and in the following four years.
For descriptive statistics, the mean value, standard deviation and median of the measured angles and the differences were determined. The Wilcoxon signed-rank test was used to assess the significance of alignment change.
The correlation between alignment correction and respective implant thickness was calculated using the Pearson product-moment correlation. To determine the significance of the calculated correlation, the Wilcoxon signed-rank test was used.
Results
The clinical scores [Lysholm, American Knee Society (AKS) knee and function] preoperatively and at one, two and five year follow-ups are shown in Table 1 .
Leg axis was corrected from a preoperative average of −5.1 ± 3.0°to an average of −0.4 ± 2.3°after surgery (mTFA); this amounts to a mean correction of 4.7±1.9°a chieved by surgery (p=0.001).
One year after surgery, mean mTFA was −1.5±1.8°. Mean alignment change in the first year after surgery amounted to −1.1±1.5°(varus!) (p=0.023).
Five years after surgery, the average was −0.7±1.6°( mTFA). The mean change of valgus was 0.9±1.1°(p=0.019).
Only 15 legs could be evaluated, as four patients had undergone revision UKA or TKA due to persistent pain. The average time to revision for the knees revised to TKA or UKA was 23.8 (±18.0) months. So far, no dislocations have been observed in our study. With regard to the location of the mechanical axis of the leg in relation to the tibial plateau, before surgery, zone 1 was represented in five cases, zone 2 in eight cases and zones C and 3 were represented in one case each (Fig. 2) . After surgery, zone 2 was represented in four cases, zone C in nine cases and zone 3 in two cases (Fig. 3) . This implies that the location of the load-bearing axis (in tibial plateau zones) was not changed by surgery in three cases, while in nine cases, there was a lateral shift by one zone; in three cases, there was a lateral shift by two zones. One year after surgery in nine legs no further change was found; in four cases, there had been a medial shift by one zone; in two cases, there had been a lateral shift by one zone (zone 2: five cases, zone C: nine cases, zone 3: one case, Fig. 3 ). At five years postoperatively, in two of those four cases, the axis had shifted back again into zone C so that at this time, there were only three legs with a load-bearing axis located in zone 2, while the majority (eight legs) it was in zone C.
Correlation with implant thickness
The correlation coefficient r between the extent of alignment change (mTFA) and implant thickness calculated was 0.274 (Fig. 4) . The accuracy with which the axis correction by UniSpacer™ surgery related to the thickness of the implant used was not significant (p=0.162).
Discussion
The use of HTO in the treatment of symptomatic knees with varus malalignment has been promoted and thoroughly documented for several decades: it is a wellestablished therapeutic option [19] . UKA has recently experienced a renewal of interest, with improved prostheses and techniques used. There have been reports of good longterm results for these methods. However, both can lead to distinct issues that may trouble patients over the course of time. UKA comes with loss of bone matter in the medial compartment and, if conversion to TKA becomes necessary, bone grafts or metal wedge augmentation may be required in some cases [24] . HTO affects ligament tension and joint kinematics [9] , which can lead to difficulties during revision TKA: complications arise more frequently in TKA following HTO than in primary TKA [25] . OA has been shown to progress more rapidly in the contralateral compartment after HTO [12] . On the other hand, after UKA, contralateral compartment OA progression occurs in a small number of cases only [7] .
Hemiarthroplasty with metallic interpositional devices, while first described over half a century ago, is also currently experiencing a renaissance as a treatment option for varus unicompartmental OA, the idea being to provide a means of [15] ; there are still few reports examining the use of the self-centering UniSpacer™ device in medial gonarthrosis. This study is the first to evaluate clinical and functional results after a minimum follow-up time of five years. Only one study addresses the matter of malalignment correction [10] . However, results were based on 40-cm instead of long-leg stance radiographs and therefore not reliable [3, 18] . Use of the UniSpacer™ in unicompartmental OA was initially recommended for young and active patients [10] . The role of this procedure still is uncertain as it has been considered suitable for only a few patients (1%) [22] and there have been reports of poor postoperative results due to implant dislocation (up to 44%) [1, 23] . With regard to the desired extent of correction, the aim of over-adjustment into valgus alignment has been voiced as desirable for HTO in varus medial gonarthrosis [5, 11] . The optimal extent achieved by UKA still is under discussion [7, 26] with an overall mechanical alignment of the knee through the tibial plateau centre (zone C) resulting in most cases, as described by Emerson and Higgins [8] . There are almost no data for interpositional hemiarthroplasty. The study by Koeck et al. on the iForma™ implant [15] showed an average postoperative alignment (mTFA) of −0.9°and a mean correction of 3.8°. A significant correlation between extent of correction and thickness of the implant was shown. Cooke et al. described an average knee alignment (mTFA) of −1.0±2.8°in the normal patient [2] , while Moreland et al. found an average of −1.3±2.0°to be normal [18] . According to these values, UniSpacer™ patients experienced a slight over-adjustment in our study.
We advocate the use of an approach for evaluation of knee geometry, as employed by Emerson and Higgins in their Oxford prosthesis study [8] (assessment of the loadbearing axis in relation to the tibial plateau), as swift and well standardised, being more easily demonstrable than the sole use of angles.
This study showed a significant, slightly over-adjusting correction of moderate varus alignment by UniSpacer™ arthroplasty, which does not correlate with the thickness of the implant used. In the first postoperative year, a varus shift into a more neutral position was observed, which is most likely due to adaptation of the implant to the joint. This effect is partly reversed in the following years by another slight valgus change, resulting, five years after surgery, in an average leg axis close to the one first achieved by UniSpacer™ implantation.
Our study showed a high revision rate of four of 19 UniSpacer™ implants in the first five postoperative years, which is unacceptably high. The reason for revision was persistent pain. We had no cases of dislocations. All revisions were technically easy and uncomplicated. In all cases either UKA (two) or TKA (two) was performed and the patients were satisfied with the clinical results achieved after revision.
In view of the high revision rates of the UniSpacer™ implant reported in the literature and in our study, this metallic interposition arthroplasty does not seem to be a treatment option for patients with medial osteoarthritis of the knee. As there are reproducible good and excellent clinical and functional results reported with UKA after ten to 15 years, this operation should be preferred [20] . However, the clinical results of our remaining 14 patients with 15 treated knees were good and comparable to patients after UKA. Similar to the results of the metallic interpositional device of McKeever, good results can be possible; however, the results are not predictable [21] .
Conclusions
As a minimally invasive procedure, UniSpacer™ arthroplasty was seen as an alternative for treatment of varus malaligned knees in isolated medial gonarthrosis, due to good revision and conversion options. Judging from medium-term results, a slight over-adjustment with a target Fig. 4 Correlation of axis correction and implant thickness range of around 0.5°varus to 0.0°, accounting for postoperative implant-joint adaptation, seems reasonable.
However, as reported in other studies, there is an unacceptable rate of failures, resulting from pain. Since there is little literature on the topic, there should be greater focus on this treatment option in further studies, especially in view of new, similar interpositional alternatives, which are fixed inside the joint rather than self-centering.
